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A generator of l i g h t  pulses of %1 nsec i s  described. 
Externa l  synchronizat ion accuracy i s  b e t t e r  than 0 . 3  nsec; 
amplitude s t a b i l i t y  i s  no worse than 5%; s e r v i c e  l i f e  i s  
no t  less than 500 h r .  a t  a frequency of 2.5 kHz. The tech- 
nique of manufacturing t h e  discharger i s  described. The 
r e l a t i o n s h i p  is  given between pulse  l eng th ,  i n t e r e l e c t r o d e  
d i s t ance ,  and gas pressure .  The in f luence  of t h e  q u a l i t y  
of t h e  e l ec t rode  su r face ,  frequency of pu lse  sequence and 
overvoltage on synchronization accuracy is examined. 

/97* 

Fas t  e l e c t r o n i c  c i r c u i t s  which use photomul t ip l ie rs  are conveniently ad- 
j u s t e d  by means of l i g h t  genera tors  which make i t  poss ib l e  t o  s imula te  t h e  
s t r i k i n g  of p a r t i c l e s  on t o  s c i n t i l l a t i o n  counters and t o  check t h e  whole e lec-  
t r o n i c  c i r c u i t .  The following b a s i c  demands a r e  made on genera tors  of t h i s  
type: du ra t ion  of l i g h t  pu lse  el nsec,  e x t e r n a l  t r i g g e r i n g  wi th  an accuracy of 
b e t t e r  than  1 nsec ,  quan t i ty  of l i g h t  i n  t h e  pulse  com a r a b l e  t o  t h e  photopeak 
i n  a c r y s t a l  of NaJ(T1) i r r a d i a t e d  by y-quanta of Cs13' ( i n  t h e  following, t h i s  
amount of l i g h t  i s  c a l l e d  "standard"), amplitude f l u c t u a t i o n  <lo%,  amplitude 
s t a b i l i t y  i n  t i m e  no worse than  10%. 
gene ra to r s ,  equipment nus t  o f t e n  be ad jus ted  by means of a c c e l e r a t o r s .  

Because of t h e  lack  of s u i t a b l e  l i g h t  

The l i t e r a t u r e  descr ibes  several methods of genera t ing  nanosecond l i g h t  
pu lses .  
semiconductors (Refs. 1, 2) and corona d ischargers  (Refs. 3,  4 ) ;  t h e i r  draw- 
back i s  t h e  weak l i g h t  b u r s t .  I n  (Refs. 5 and 6) a s p e c i a l  d i scharger  is  
broken down by means of a thyra t ron;  synchronization accuracy (Ref. 5) is  sev- 
eral  nanoseconds. Dischargers i n  t h e  s i m p l e  wi r ing  diagram of (Refs. 7 and 8) 
have no e x t e r n a l  synchronization. (Ref. 9) uses thy ra t rons  and gas s t a b i l i z e r s  
as l i g h t  sources ;  pu lse  rise t i m e  i s  3 nsec and pulse  du ra t ion ,  s e v e r a l  t ens  of 
nanoseconds. Generators based on mercury r e l a y s  (Refs. 10 and 11) have no 
e x t e r n a l  synchronization, Moreover, amplitude s t a b i l i t y  of t he  genera tor  i n  
(Ref. 11) i s  %15%. The present  work has inves t iga t ed  t h e  f e a s i b i l i t y  of 
c r ea t ing  nanosecond l igh t -pu l se  generators based on a s p e c i a l  d i scharger .  

Good e x t e r n a l  synchronization is a property of genera tors  based on 

1. Pulse Length 

S t r u c t u r a l l y ,  t h e  generator has  the form of a coax ia l  l i n e  whose c e n t r a l  
conductor is  t h e  d ischarger  e l ec t rodes ;  wave impedance of t h e  l i n e  i s  75 ohm. 
Apertures have been made i n  the  casing of t h e  l i n e  f o r  i l l umina t ing  t h e  

* Nu&ers i n  t h e  margin i n d i c a t e  paginat ion i n  the o r i g i n a l  fo re ign  t e x t .  
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Figure 1 

photomult ipl iers .  Distance from dis -  
charger t o  photocathode i s  15 cm. Polar- 
ized l i g h t - f i l t e r s  are employed t o  regu- 
l a t e  t h e  amount of l i g h t  f a l l i n g  on t h e  
photomult ipl iers .  The d ischarger  is  
made up of two c y l i n d r i c a l  e l ec t rodes ,  
3.5 mm i n  diameter,  s i t u a t e d  wi th in  a 
hermetical ly  sea l ed  housing. I n  the  
f i r s t  vers ion ,  t h e  discharger  housing 
was made of p l ex ig l a s s  with vacuum 
rubber used f o r  s ea l ing .  The d ischarger  
w a s  f i l l e d  wi th  air. Later on, g l a s s  /98 
dischargers  w e r e  used. Wiring C i r c u i t  of Discharger D. 

C -- Dis t r ibu ted  Capacitance of 

Figure 1 shows t h e  s imples t  wi r ing  cir- 
c u i t  of a discharger .  When t h e  vol tage  
on t h e  discharger  reaches t h e  c r i t i ca l  

va lue  E t h e r e  i s  a spark  breakdown. Duration of t h e  l i g h t  pu l se  depends on 

dura t ion  of t h e  electric impulse and gas de-exci ta t ion t i m e .  E s t i m a t e s  based 
on t h e  width of t h e  s p e c t r a l  l i n e s  show tha t ,dur ing  spark breakdown i n  gas a t  
atmospheric pressure ,  de-exci ta t ion time i s  considerably less than 1 nsec.  
Therefore,  i n  order  t o  obta in  a s h o r t  l i g h t  pu lse ,  i t  s u f f i c e s  t o  have a s h o r t  
e lectr ic  pulse .  w a s  measured on an ISO-1 os- 

c i l l og raph  wi th  a c h r a c t e r i s t i c  pu l se  rise t i m e  of 1.2 nsec  on t h e  p l a t e s .  
Table 1 give5  -tbexk!pendence-af e l e c t r i c a l  pu l se  dura t ion  on d i s t ance  between 
e l ec t rodes .  

$3 pf .  

b r ’  

Duration of electric pulse  U out  

TABLE 1 

DEPENDENCE OF ELECTRIC PULSE DURATION AT WF-HEIGHT 
ON GAP (AIR 1 a t m )  

Duration of 
Uout’ nsec  

Ebr’ kv 1 
0.1 
0.2 
0.4 
0.6 
0.8 

1.0 
1.6 
2.4 
3.2 
3.9 

$1 
$1 
$1 
$1 

3 

It is evident  from t h e  t abu la r  da ta  t h a t  a t  a gap of < 0.6 mm, l i g h t  
pu l se  du ra t ion  should n o t  exceed 1 nsec. 
0.5 mm w a s  used. Modern i n d u s t r i a l  photomul t ip l ie rs  do no t  permit  measurement 
of a l i g h t  pu l se  of $1 nsec.  We employed a FEU-36 photomult ipl ier .  The b e s t  
specimen of a photomul t ip l ie r  under s p e c i f i c a l l y  s e l e c t e d  opera t ing  condi t ions  
gave a rise t i m e  of 2 nsec and a durat ion a t  t h e  base of 6 nsec  (at a he ight  
of 0 .1  of amplitude va lue) .  

I n  t h e  fol lowing,  a gap of 0.25 t o  

Noise pulses  from t h e  photomul t ip l ie r  have t h e  

2 



.- 
same shape. 

Table 2 g ives  t h e  values  of electrical and l i g h t  pu l se  dura t ion  a t  lower 
gas pressures .  
t i o n  t i m e  sharp ly  decreases  and becomes less than t h e  reso lv ing  t i m e  of t h e  
measuring system. 

It is  evident  t h a t  a t  pressures  of > 150 t o r r ,  gas de-excita- 

Electrical Pulse  

R i s e  t i m e ,  Duration a t  
nsec half-height  , 

nsec 

12 12 
5 a 
4 5 
2 3 

%1.5 2 

TABLE 2 

Pu l se  from 
Photomult ipl ier  FEU-36 

R i s e  t i m e ,  Decay t i m e ,  
nsec  nsec  

20 35 
11 20 

6 16  
2.5 4 
2 4 

DEPENDENCE OF DURATION OF ELECTRICAL AND LIGHT PULSES 
ON PRESSURE ( A I R ,  GAP 0.45 mm) 

Pressure ,  
t o r r  

I 

Ebr y v  

150 1000 
250 1550 

2 .  Amplitude Resolution and Lifet ime 

The amplitude c h a r a c t e r i s t i c s  of the l i g h t  generator  were s tud ied  by m e a n s  
of a FEU-29 photomul t ip l ie r .  The amount of l i g h t  f a l l i n g  on t h e  photocathode 
without f i l t e r s  is  "-10 t h e s  mare tharr s tacdard.  
were recorded, the  amount of l i g h t  w a s  chosen equal  t o  s tandard by means of 
f i l t e r s .  Amplitude r e so lu t ion ,  as w e l l  as l i f e t i m e ,  depends on e l ec t rode  shape 
and q u a l i t y  of e l ec t roQsur face .  Several  forms of t h e  e l ec t rodes  were t e s t e d .  
The b e s t  shape proved t o  b e  t h a t  of a f l a t t e n e d  sphere -- almost f l a t  i n  t h e  
cen te r  w i th  rounded edges. 
Pol i sh ing  gave no b e t t e r  r e s u l t s .  

When t h e  amplitude s p e c t r a  

The su r face  w a s  f i n i shed  with f i n e  emery c lo th .  

To cons t ruc t  the genera tor  i t  w a s  necessary t o  choose e l ec t rodes  having a 
long service l i f e .  Electrodes of d i f f e r e n t  metals were t e s t e d  f o r  l i f e t i m e  
under i d e n t i c a l  condi t ions.  The r e s u l t s  w e r e :  b r a s s  -- 2.5 h r . ,  Armco i r o n  -- 
6 h r . ,  bismuth -- 17 h r . ,  molybdenum -- > 30 h r .  Frequency w a s  maintained at 
% 100 Hz; t h e  d ischarger  w a s  f i l l e d  with a i r  a t  atmospheric pressure ;  f i l l i n g  
wi th  pure n i t rogen  r e s u l t e d  i n  no changes. 

I n  subsequent work only molybdenum e lec t rodes  were employed. The average /99 
decrease i n  l i g h t  pu l se  amplitude i n  seve ra l  d i schargers  w a s  10% a f t e r  50 h r  
of opera t ion  a t  100 Hz. During t h a t  t i m e ,  frequency increased  by % 20%. Am- 
p l i t u d e  r e so lu t ion  (relative l i n e  width a t  half-height)  changed d i f f e r e n t l y  i n  
t i m e  i n  var ious  d ischargers ,  and amounted t o  7 t o  15% a f t e r  50 h r .  of opera- 
t i o n .  
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3. Externally-Trianered Generator 

During opera t ion  o f t h e  d ischarger ,  a change occurred i n  t h e  e l ec t rode  
su r face  and l e d  t o  a change i n  t h e  breakdown vol tage  Ebr. 

change i n  l i g h t  pu l se  amplitude. 
u re  2 w a s  t e s t e d  f o r  s t a b i l i z i n g  l i g h t  pulse  amplitude. 
t ances  C and C were charged t o  vol tages  El and E2, respec t ive ly .  When a 

t r i g g e r i n g  pu l se  w a s  de l ivered  t o  the  thyratron,  capaci tance C discharged,  and 

pu l se  1 b r  overvol tage K 

t i m e  cons tan ts  of t h e  c i r c u i t s  w e r e  s e l ec t ed  from t h e  condi t ions:  

< E.,r < El, R C 2 R2C2 < f , where f is / t r i gge r ing  frequency of t h e  thyra- 

t ron .  Under t h e s e  opera t ing  condi t ions,  capaci tance C i s  always charged t o  

t h e  same vol tage  before  breakdown. 
(Ref. 5) l ies  i n  the  f a c t  t h a t  constant  vo l tage  (E 1 2  - E ) is  maintained on 

t h e  d ischarger  before  breakdown. This vol tage creates a c e r t a i n  cu r ren t  
through t h e  d ischarger  before  breakdown, and t h i s  r e s u l t s  i n  decrease i n  break- 
down delay t i m e  and s t a b i l i z a t i o n  of l i g h t  pu l se  amplitude. 

This provoked a 

Dis t r ibu ted  capaci-  
The discharger  wi r ing  c i r c u i t  shown i n  Fig- 

1 2 

2 
= E /E appeared on the  discharger .  Voltage va lues  and 

(E1 - E2) < 
-1 thf! 

11 

1 
The d i f f e rence  from t h e  wir ing c i r c u i t  i n  

T G I ~ - ~ O J  1 

Figure 2 

The wir ing  c i r c u i t  i n  Figure 2 
ch ie f ly  used d ischargers  w i th  e l ec t rodes  
welded i n t o  a g l a s s  housing. The pr in-  
c i p a l  d i f f i c u l t i e s  encountered i n  manu- 
f ac tu r ing  d ischargers  of t h i s  type in- 
volve the  vapor iza t ion  of molybdenum 
onto the  d ischarger  w a l l s  during heating, 
so  t h a t  t h e  leakage resistance between 
the  e l ec t rodes  becomes s m a l l .  Tne 
following technique f o r  manufacturing 
the  d ischarger  w a s  developed.* The 
molybdenum e lec t rodes  (3.5 mm i n  diame- 
ter ,  15 mm long) are f i r s t  welded i n t o  
g l a s s  sleeves, and then  t h e  sleeves are 
welded t o  t h e  tube (Figure 3 ) ;  t h e  
shape of t h e  d ischarger  makes i t  possi-  
b l e  t o  carry out  t h i s  opera t ion  without  

Wiring C i r c u i t  f o r  Discharger D. 
C and C2 -- Dis t r ibu ted  Capaci- 1 
t ances . heat ing  t h e  e l ec t rodes .  Gap s i z e  i s  

0.25 t o  0.4 mm. The d ischarger  is  evac- 
uated by a f o r e  pump and f i l l e d  wi th  

hydrogen t o  a pressure  of 150 t o r r .  Discharger breakdown vol tage  i s  500 t o  
800 v; i n t e r e l e c t r o d e  leakage r e s i s t ance  i s  > 100 gigohm bt 100 v).  For cer- 
t a i n  measurements, t h e  e l ec t rodes  w e r e  e lec t rochemica l ly  cleaned of oxide (a 
cu r ren t  of 0.5 amp i s  passed f o r  30 s e c  through a 30% aqueous s o l u t i o n  of po- 
tassium a l k a l i ;  t h e  e l ec t rode  Serves as t h e  anode). This makes t h e  e l e c t r o d e  
s u r f a c e  b r i l l i a n t .  

* S. M. Zakharov p a r t i c i p a t e d  i n  working out  the technique. 
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Figure 3 

Dischargers wi th  cleaned e l e c t r o d e s  
of s p h e r i c a l  and f l a t t e n e d  form work 
equally w e l l  when wired i n  a thy ra t ron  
c i r c u i t .  For engineering cons idera t ion% 
e lec t rodes  of s p h e r i c a l  shape w e r e  used. 
The e f f e c t  of su r f ace  condi t ion  on syn- 
chronization accuracy i s  examined below. 

Light pu lse  amplitude does no t  de- / lo0  
and i s  p ropor t iona l  

Amplitude r e so lu t ion  is  6 t o  

pend on vo l t age  E 

t o  CIE1. 

10%. Pulse  dura t ion  wi th  t h e  FEU-36 
photomul t ip l ie r  i s  t h e  same as i n  t h e  

2 2 

Glass Discharger wiring diagram i n  Figure 1. The r e s u l t s  
of t e s t i n g  t h e  s t a b i l i t y  of t h e  l i g h t  
p u l s e  amplitude are as follows: I n  10 

hours of ope ra t ion ,  maximum i n s t a b i l i t y  does no t  exceed 5 2 % ;  i n  300 hours,  i t  

= 1.5 kv, E2 = 1.2 kv, Ebr = 500 v. 
i s  no more than 25%. The genera tor  operated a t  a frequency of 2.5 kHz; El - - 

4 .  Accurate External Synchronization 

Accuracy of e x t e r n a l  l i gh t -pu l se  synchronization i n  the  c i r c u i t  i n  F igure2  
depends, f i r s t ,  on accuracy of thyra t ron  synchronizat ion and, second, on accur- 
acy of d i scha rge r  synchronization wi th  respec t  t o  t h e  thy ra t ron .  
dence of delay i n  thy ra t ron  f i r i n g  on t r igger ing-pulse  amplitude, f i l ament  
vo l t age ,  and high vol tage  w a s  s p e c i a l l y  measured. When f i lament  vo l t age  is  
changed by 2%, o r  t r i g g e r i n g  pulse  amplitude is changed by 3%, t h e  delay change; 
by 1 nsec. Changing the high vol tage  by 29% varies t h e  delay by 0.5 nsec. The 
f i lament  w a s  fed from a VS-13 r e c t i f i e r .  
ger ing;  t r igger ing-pulse  amplitude w a s  250 v. Discharge t i m e  of capac i tance  
C 

e n t  t hy ra t ron  specimens). Despite such g r e a t  de lays ,  synchronizat ion accuracy 
i s  b e t t e r  than  0 . 3  nsec. 

The depen- 

A GKI-5 genera tor  w a s  used f o r  t r i g -  

w a s  5 nsec ,  and delay t i m e  w a s  30 t o  90 nsec  ( t h e  spread p e r t a i n s  t o  d i f f e r -  2 

Discharger synchronizat ion accuracy depends on the  s ta te  of the e l e c t r o d e  

= (E1 - E2)/Ebr, and on the  t i m e  i n t e r v a l  between pulses .  

su r f ace ,  overvol tage K = E /E constant vo l t age  on t h e  d ischarger  be fo re  

breakdown K 

ments of synchronizat ion accuracy with cleaned e l e c t r o d e s  and wi th  e l e c t r o d e s  
covered wi th  an oxide f i l m  were conducted. 
uncleaned e l ec t rodes  i s  considerably b e t t e r  than  wi th  cleaned. This involves 
t h e  f a c t  t h a t ,  i f  t h e  e l ec t rodes  a r e  covered wi th  an i n s u l a t i n g  f i lm ,  t he  pre- 
ceding breakdown s u b s t a n t i a l l y  reduces the s ta t i s t ica l  breakdown delay t i m e .  
(Ref. 12) gives an explanat ion of t h i s  e f f e c t .  I n  t h e  following, we employed 
only d ischargers  wi th  oxidized e lec t rodes .  

pu l se  1 b r '  
Measure- 

C 

Accuracy of synchronizat ion wi th  

The thy ra t ron  w a s  t r i gge red  by two success ive  impulses t o  measure t h e  
dependence of synchronizat ion accuracy on t h e  t i m e  i n t e r v a l  between breakdowns, 

5 .  
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Figure 4 

Dependence of Synchronization Accuracy A t  on spread 
T i m e  Between Pulses  

Kpulse = E1/Ebr, Kc = (E1 - E2)/Ebr. Oxidized e l ec t rodes .  

= ; ( c ) - K  = (a) - Atspread’ nsec; (b) - Kpulse C 

(d) - microsec. 

and synchronizat ion accuracy of t h e  second pu l se  w a s  observed on an o s c i l l o -  
graph at d i f f e r e n t  delays with r e spec t  t o  t h e  f i r s t .  Figure 4 gives  t h e  r e su l t s  
f o r  va r ious  va lues  of K It i s  apparent t h a t  synchronizat ion wi th  pulse  
an accuracy of 1 nsec r equ i r e s  t h a t  the delay not  exceed 150 microsec. This 
may a l s o  b e  achieved by t h e  frequency of pu l se  r e p e t i t i i o n  o r  opera t ing  condi- 
t i o n s  wi th  c h a r a c t e r i s t i c  breakdowns. 

and Kc. 

The concept of genera tor  operation i n  a regime wi th  c h a r a c t e r i s t i c  break- 
downs c o n s i s t s  of t h e  following. 
El - E2 > Ebr, then i n  the  i n t e r v a l  between t h e  main pulses ,  c h a r a c t e r i s t i c  

breakdowns w i l l  occur. These break- 
downs prepare t h e  d ischarger  f o r  t h e  
a r r i v a l  of t h e  fundamental pulse.  Fig- 
u r e  5 shows an osci l logram of t h e  opera- 
t i o n  of t h e  genera tor  i n  a regime wi th  
c h a r a c t e r i s t i c  breakdowns. I n  t h i s  re- 
gime, i t  i s  easy t o  ob ta in  good synchro- 

I f  voltages E l  and E2 are so s e l e c t e d  t h a t  

m microsee 

Figure 5 i z a t i o n  of t h e  fundamental pu lse ,  bu t  
hard t o  s t a b i l i z e  amplitude. This i s  

/ l o 1  

bssoc ia ted  wi th  t h e  change i n  breakdown 
vol tage  leading  t o  a change i n  t h e  t i m e  
i n t e r v a l  before  t h e  preceding charac- 

capacitance C before  the  breakdown 

Operation of Generator i n  Regime With 
C h a r a c t e r i s t i c  Breakdowns. Oscil lo- 

Large-amplitude pulses  are the  funda- 
gram Of from Photomultiplier: teristic breakdown, w i t h  the result t h a t  

mental pu lses  ; low-amplitude pu l ses  1 
are t h e  c h a r a c t e r i s t i c  breakdowns. proves t o  be charged t o  d i f f e r e n t  
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vol tages .  
t i o n  i n  t ine by iiieziia of a c i r c u i t  of the coincidence type (Ref. 13) .  
input  w e  fed  pulses  from a FEU-36 photomultiplier;  and t o  t h e  o the r ,  pu l se s  
from a GKI-5 generator.  
2~ = 1.5 nsec.  
nsec. 

Ebr 
va r i ed  from 10 t o  11. 
- +15%. 

I n  t h i s  regime, we measured the s t a b i l i t y  of e x t e r n a l  synchroniza- 
To one 

The reso lv ing  t i m e  wi th  50% recording e f f i c i e n c y  w a s  
Af te r  100 h r .  of operation, t h e  change i n  t i m e  delay w a s  20.2 

The generator operated a t  a frequency of 2.5 kHz; El = 2 kv, E2 = 1.2 kv, 

The number of c h a r a c t e r i s t i c  breakdowns between fundamental pu lses  = 500 v. 

Fundamental-pulse amplitude s t a b i l i t y  i n  t h i s  t i m e  w a s  

A t  t i m e s  i t  is  more convenient t o  u t i l i z e  an e l e c t r o n  tube i n s t e a d  of a 
thy ra t ron ;  t h e  6V2P w a s  t e s t e d  f o r  t h i s  purpose. 
i s  closed. 
t o  t h e  c o n t r o l  g r i d .  Discharge time of capacitance C is 2 nsec. This c i r c u i t  

operated f o r  a long t i m e  a t  a frequency of 10 kHz. Synchronization accuracy 
w a s  b e t t e r  than 0.3 nsec; amplitude i n s t a b i l i t y  i n  100 h r .  w a s  +2%. The oper- 
a t i n g  regime w a s :  E l  = 2550 v ,  E2 = 2050 v ,  Ebr = 640 v. 

I n  i t s  usua l  state t h e  tube 
Pulses  100 v i n  amplitude with a rise t i m e  of 5 nsec  are de l ive red  
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I n  conclusion, I thank A. G. Khabakhpashev and V. A. Sidorov f o r  discus- 
s i o n  of t h e  work, and s. G. Roshchin, V. I. Obodzinskiy, V. A. Yakovlev, and 
V. A. Tseluykin f o r  he lp  i n  t h e  work. 
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1959. 

Note during proof-reading. Light pu l se  du ra t ion  a t  ha l f -he ight  
i n  a regime wi th  a 6V2P tube measured by t h e  s ing le -e l ec t ron  f luc tua -  
t i o n  method (Y. Koehlin and A. Raviart. Nuclear Instruments and 
Methods, 29, 45) i s  2 nsec. 
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